Low Dimensional Electrons by Sidharth, B. G.
ar
X
iv
:q
ua
nt
-p
h/
98
08
05
4v
1 
 2
6 
A
ug
 1
99
8 LOW DIMENSIONAL ELECTRONS
B.G. Sidharth∗
B.M. Birla Science Centre, Hyderabad 500 063 (India)
Abstract
Motivated by recent work on nano tubes indicating one dimen-
sional quantum effects and studies of two dimensional electron gas,
we consider a recent model of Fermions as Kerr-Newman type black
holes with quantum mechanical effects. Such an anyonic fractionally
charged quasi-electron picture is deduced and identified with quarks.
Very recently experiments with nano tubes reveal one dimensional Quantum
behaviour[1, 2]. On the other hand the study of the fractional quantum Hall
effect leads to the study of a two dimensional electron gas, which can be re-
alised for example in GaAs−AlxGa1−xAs semiconductor heterojunctions([3,
4] and references therein). In these low dimensions, we have to consider any-
onic statistics with interesting applications[5].
In this note, we consider this problem from a different viewpoint viz., the
recent description of electrons as Kerr-Newman type Black Holes in a Quan-
tum Mechanical context[6, 7]. This will be shown to lead to the conclusion
that at small length scales applicable in the cases mentioned above, electrons
show precisely such an anyonic behaviour with the ”one third” effect built
in. The corroboration from the Laughlin[8] analysis will be seen and impli-
cations in hadronic physics will emerge.
In the Kerr-Newman approach referred to, it was seen that outside the Comp-
ton wavelength, the potential is given by
ee′
r
= A0 ≈ 2ch¯(
mc2
h¯
)
∫
ηıj
Tıj
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where e′ is the test charge and Tıj are the usual stress energy tensors. We
next observe that the usual three dimensionality of space, as pointed out
by Wheeler arises due to the doubleconnectivity of Fermions which takes
place outside the Compton wavelength (cf.refs.[6, 7] and references therein).
But as we approach the Compton wavelength, we encounter predominantly
negative energy components and the above doubleconnectivity and therefore
three dimensionality disappears: In other words we encounter two dimensions
or one dimension. Indeed such a conclusion has been drawn alternatively at
small scales[9].
Using the fact that each of the Tıj in (1) is given by
1
3
ǫ where ǫ is the energy
density, it follows from (1) that the particle would have the charge 2
3
e or 1
3
e
in two or one dimensions.
Further as we encounter predominantly the negative energy two spinor of
the Dirac four spinor near the Compton wavelength, with negative helicity,
not only does the doubleconnectivity that is spinorial behaviour begin to
breakdown, that is anyonic behaviour emerges, but also the particles would
display handedness. Indeed in these low dimensions the Dirac equation does
exhibit helicity.
All this can be corroborated from a more conventional viewpoint (cf.ref.[8]).
Indeed the magnetic length ao becomes the Compton wavelength, as the
frequency ω = mc
2
h¯
in this case. Further as Laughlin concluded, in this
approach the ground state is a fractionally charged Quantum fluid of quasi
electrons.
An interesting consequence for hadronic physics follows by using Laughlin’s
expression for the total energy viz.,
−
1
2
π1/2e2/R
Equating this with mec
2, the electron energy and as R ∼ of the Compton
wavelength, h¯
mc
and e from the above shows up as ∼ e
3
we can deduce that
m ∼ 103me that is the constituents of the Quantum fluid show up with quark
masses, their fractional charge and handedness.
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